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Nondestructive positron beams probe
damage, support safety advances in
radiation environments
July 29, 2020

LOS ALAMOS, N.M., July 29, 2020—A multi-institution team has used positron beams
to probe the nature of radiation effects, providing new insight into how damage is
produced in iron films. This exploration can improve the safety of materials used in
nuclear reactors and other radiation environments.

“Positrons do not damage the material and they can reveal defects involving single
atoms at very small concentrations,” said Blas Uberuaga, a Los Alamos National
Laboratory materials scientist on the project. “They are thus one of the most sensitive
probes we can use to analyze radiation damage, providing critical data on the nature
of the defects in the material and building our understanding of radiation effects.”
Positrons, a form of antimatter, annihilate when they come in contact with electrons in
the material, giving information about the local configuration of atoms.

Radiation damage occurs when high-energy particles smash into materials, knocking
atoms out of position and creating defects in the crystal—either positions missing an
atom or an atom in between, or interstitial, positions. This collision cascade is akin to a
bowling ball slamming into bowling pins, except the ball may be a neutron and the pins
are atoms. The defects that are created are ultimately responsible for failure of these
materials in many extreme environments such as those present in the walls and various
components of nuclear reactors. Thus, it is essential to understand how defects are
created and behave in the material in these environments.
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With thin films of iron as a model for steel, the team used ion beams—atoms
accelerated in a laboratory—to mimic the type of damage that might be created in a
reactor.

These films contained a high number of voids, or pores in the material. The team then
used a combination of positrons and electron microscopy to look at the material before
and after the ion beam damage. By combining characterization techniques utilizing
positrons and electrons, they were able to interrogate both very small and much larger
defects. Specifically, they were able to elucidate new mechanisms in which the voids
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already present in the material modified how damage was produced during the collision
cascades.

This work provides new fundamental understanding of radiation effects that not only
aids in the understanding of steels in reactors, but will improve scientists’ understanding
of materials in extreme conditions more generally.

The team included members from Bowling Green State University, University of
California Berkeley, Los Alamos, North Carolina State University, Pacific Northwest
National Laboratory, and the Helmholtz-Center Dresden-Rossendorf.
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